Table 3.5
Summary Statistic of the Collective Bid by the
Highest Bidder in the Private Market

Collective Bid Collective Bid
Experimental Probability Less than or Greater Than
Market' of a Loss N Equal to Expected Expected Consumer
Consumer Surplus  Surplus
X<ES X >ES
1. SPCSP 20% 25 14 11
10% 25 6 19
1% 25 7 18
40% 25 14 1
2. CSPSP 20% 21 7 14
10% 22 2 20
1% 24 9 15
40% 25 16 9
3. Ssicsl 20% 25 12 13
10% 25 4 21
1% 25 4 21
40% 25 14 1
4. CSISI 20% 23 5 18
10% 24 8 16
1% 24 3 21
40% 21 1 10

8spcsp or SICSI - private then collective self-protection or self-insurance
CSPSP or CS1SI - collective then private self-protection or self-insurance



The unanimty voting rules were used so the experinents wth
two nechani sms would be consistent with the one nechanism
experiments in Chapter 2. An obvious extension of the two
nmechani sm experinments is to change the voting rules to a mgjority
voting schene. The highest bidder in the private auction would
then have less power to dictate the collective action decision.

A prelimnary trial experiment indicated that majority voting did
i nduce |l ower collective bids by the highest bidder. Furt her
experimentation is required to examne this result.

Second, the highest bidder of the private auction nmay have
bi d higher than expected consuner surplus for collective action
if he or she did not fully understand the experinental
i nstructions. However, this seens unlikely since the phenonena
occurred after repeated trials with the nonitor enphasizing the
hi ghest bi dder nust pay both the private auction price plus the
collective price if collective action is purchased.

Third, the highest bidder may have exhibited altruistic
behavi or toward other bidders in the collective. Atruism could
have been a factor in the low probability of a loss lotteries
(10% and 1% since the additional marginal cost of collective
action was generally 5% of wealth for 10% lottery or less than 1%
of wealth for the 1% lottery period. The highest private bidder
could have viewed his or her collective bid as inconsequential
relative to initial wealth

Finally, the results may indicate that private markets in

this experinental design do not act as a highly efficient
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substitutes for collective action. After repeated trials,
individuals may learn that on average the reigning price for the
collective reduction was significantly lower than the price for

private reduction.

3.4.3 Learning and Value Adjustnent

Experimental nmarkets with repeated trials generally require
several interactions before a stable equilibrium price is
achi eved. The rate at which stability is attained is of interest
to valuing reductions in risk in that there is a tradeoff in
adding additional trials for increased accuracy while
simul taneously increasing the respondent's subjective costs of
participating in the experiment. This is especially true for
field experimentation with the contingent valuation nethod where
nost of the respondents are engaged in some other activity, e.g.,
recreation.

The learning and value formation in experinental markets
with two risk reduction nmechanisns was mxed. Generally, one
woul d expect ex ante that if any learning occurred over the
repeated trials the initial inexperienced hypothetical bid (UEHB)
should significantly differ from the final experienced
hypot hetical bid (EHB). However, in only 44% of the markets and
lottery periods did the UEHB did differ significantly from the
final EHB bid. In contrast, in the nmarkets with one risk

reducti on nmechani sm [ Chapter 2], 88% of the UEHB bids differed

significantly from the EHB bids. Table 3.6 presents the sunmary
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Table 3.6
— summary Statistic of the Wilcoxon Matched-Sample
Sign Test Between Inexperienced (UEHB) and
Experienced (EHB) Hypothetical Bids

Experimental Experimental
Markets with Two Probability Test Observed Markets with One Probability Test Observed
Risk Reduction of a Loss  Statistic Significance Risk Redugction of a Loss Statistic Significance
Mechanism® Level Mechanism Level
SPCSP 20% -2.843%* .00 sP T 20% -0.900 37
10% -2.785%* .01 10% -2.287% .02
1% =3.254%* .00 1% ~3. 11 .00
40% -0.765 b 40% -0.659 51
CSPSP 20% ~2.543%* .01 SI 20% ~3.730%* .00
10% =2.642%* .00 10% =3.945%% .00
1% -1.900 .06 1% =3, 772%% .00
40% -1.320 .19 40% ~3.038%* .00
sicsl 20% -0.445 .66 csp 20% =4 . 360%* .00
10% -0.125 .90 10% WAL .00
1% -0.524 .60 1% -4, 076%* .00
40% -1.590 11 40% -2.550%* .01
csis? 20% -1.009 31 csl 20% -3.712%* .00
10% -2.248% .02 10% =4 ATh** .00
1% ~2.578%* .01 : 1% -4 373%* .00
40% -1.549 .12 40% =3.074%* .00

8SpCSP or SICSI - private then collective self-protection or self-insurance .
bCSPSP or CSISI - collective then private self-protection or self-insurance

SP - private self-protection

SI - private self-insurance

€SP - collective self-protection

€SI - collective self-insurance :
*Significant at the .05 level for the null hypotheses of equal central.tendencies.

**Significant at the .01 level.



statistic of the WIcoxon nmatched-sanple sign test conparing UEHB
and EHB for each narket over each lottery period. The nature of
the substitutable private and collective risk reduction

mechani sns did not induce a simlar pattern of bid adjustnent.
This result holds even in an identical environnment of immediate
feedback of the reigning reduction price and the outcone of the
lottery for the trial in question.

If one conpares the UEHB bid and the EHB bid with the
average of the nonhypothetical private (TRA) or collective (TRB)
bids for evidence of learning the results are again m xed. The
private TRA bid and the collective TRB bid differs significantly
fromthe UEHB bid in 50% and 69% of the cases, respectively.
However, the private TRA bid only differs from the EHB bid 6% of
the time, while the collective TRB bid differs 50% of the tinme.
The inplication is that if value adjustnment is occurring, the
private risk reduction mechanism appears to be the focus of the
final experienced EHB bid. Table 3.7 presents the results of the
W1 coxon matched-sanple sign rank test for UEHB, TRA, TRB, and
EHB bi ds.

The value formation results provide mxed support for the
use of a second-chance bid in field contingent valuation
experi nents. Recal |, the second-chance bid was designed to
elicit an initial bid, provide the respondent w th additional
market information (e.g., nmean bid of other respondents, total
annual expenditures on the good), and then ask if he would Iike

to adjust his bid given the new information. The results
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Table 3.7
Summary Statistic of the Wilcoxon Matched-Sample Sign Test
Between Inexperienced and Experienced Hypothetical Bids (UEHB and EHB)
- and Average Private and Collective Nonhypothetical Bids (TRA and TRb)

Probability Experimental UEHB/TRA TRA/EHB UEHB/TRB IRB/EHB

of a Loss Market? / P 2 p 4 p 2 +] ‘

20% SPCSP -2.00* .05 -0.79 .43 ~3.35%* .00 -2.15%* .03
CsPsp -2.78%* .01 -0.51 .61 -2.67%* .01 -0.10 .92

sIcst -0.92 .36 °  -0.47 .64 ~2.26% .02 =3.07** .00

Csisl -1.14 .25 -0.29 .77 -1.64 .10 -0.88 .38

10% SPCSP -2.27* .02 -1.41 .16 -3.17%*% .00 -1.32 .19
cspsp -2.64%* 01 -0.20 .84 -1.80 .07 ~2.53%% 01

s1cs1 =0.77 46 - -0.17 .86 -2.53% 01 -3.83* .00

csist -1.87 .06 -0.41 .68 -3.46%* .00 -1.23 .22

1% SPCSP -2.29% .02 -2.27% .02 -2.48% 00 -0.46 .65
CsPsp -2.26* .02 - -0.03 .98 -1.89 .06 -1.28 .20

SICSI -0.55 .58 -1.03 .30 -1.26 .21 -2.38% .02

csisI =2.74%* 04 -1.79 .07 “2.71%* 01 -1.8 .07

0% SPCSP -0.48 .63 -0.34 .74 -2.19* .03 ~3.21%* .00
CsPsp <1.39 7 -0.61 .54 -1.55 .12 -0.32 .75

SICSI -2.08* .04 -0.55 .59 -3.36%* .00 -2.48* 01

csict -1.82 .07 -0.98 .33 -2.40% .02 -2.07* 04

8spcsP Private then collective self-protection, CSPSPS - collective then private self-protection, SICSI - Private then Collective
bSelf-insurance, and CSISI - collective then private self-insurance

test Statistic
Cobserved significance Level

*Significant at the 5% level
**Significant at the 1% level



obtained in the experinmental markets with two risk reduction
mechani sns indicate that one additional trial mght not be
sufficient to induce stable value formation. The additional
realism of substitutable markets requires nore trials and may

i ncrease the subjective costs of participating (e.g., lost tine)
to a prohibitive I|evel. Experinmentation of the second chance bid
in a field context under both markets with one or two risk
reduction nechanisns would provide a useful test of robustness.
Note, however, that wll the additional trials were not wholly
successful at inducing a stable bid, the variance between bids
decreased to a relatively stable I|evel. Figures 3.7, 3.8, and
3.9 illustrate the variance over all four lottery periods
conbined, and a 1% and 20% probability of a |oss.

Finally, to test if the inexperienced hypothetical bid
(UEHB) is a statistically significant predictor of the final
experience bid (EHB), we estimated a separate ordinary | east
squares nodel for each experinental market for the four lottery
peri ods. Table 3.8 sunmarizes the results of the nodels. For
the 20% and 10% lottery period at |east three of the four markets
yielded statistically significant regression coefficients (.01%
I evel ).

As in Chapter 2, however, the 1% lottery period had m xed
results at predicting the experienced bid. Only one narket
(SPCSP) was a significance predictor of experienced bid at the
.01 level, and one market (CSISI) was significant at the .05

level. Again this result is unencouraging for predicting
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Table 3.8
Summary Results for Ordinary Least Squares
Model of Experienced Hypothetical Bids for
Markets with Two Risk Reduction Mechanisms

Probability Experimental Inexperienced

of a Loss Market? Ccmstantb Hypothetical Bid R2
1. 20% SPCSP 0.683* 0.388** b4
(2.691) (4.723)
cspsp 0.033 0.742%* .56
€0.092) (5.969)
sicst 1.170%. ' 0.558%* 34
2.377) (3.784)
csist 1.278%* 0.263* .13
(3.241) (2.033)
2. 10% SPCSP 0.436 0.377 41
(1.566) €4.431)%*
cspsp 0.518 . 0.354** .28
1.479) ¢3.281)
s1cs! 0.861 0.606%* .29
(1.664) (3.369)
CsIsy 0.837** 0.081 .03
(2.868) (0.890)
3. 1% SPCSP -0.065 0.433%* .50
(-.218) (5.247)
CSpsp 0.950* 0.056 .01
(2.438) (0.615)
SI1CSt 1.080* 0.259 .06
(2.080) €1.367)
csist 0.265 0.211* A
(0.746) (2.125)
4. 40% SPCSP 2.009** 0.214 .13
(5.225) (2.060)
Cspsp 1.377* 0.243 ¢ .04
(2.135) (1.099)
SICsI 1.896%* 0.343** .28
(4.262) (3.336)
Cs1st 1.703** 0.276* .12
G117 (1.995)

3The market definitions are: SPCSP = private then collective self-protection, CSPSP =

collective then private self-protection, SICSI = private then collective self-insurance,

gnd CSISI = collective then private self-insurance.

Numbers in parentheses are the ratio of the estimated coefficients to their standard
errors.
* *significant at the .05 level using a one-tailed test for the nutl hypothesis that the
‘population mean is zero.

**gignificant at the .01 level using a one-tailed test.



experienced market valuations since nost naturally-occurring

risks are less than 1%

3.4.4 Self-Protection vs. Self-Insurance

Finally, we consider the differences, if any, between self-
protection and self-insurance in experinmental markets with both
private and collective risk reduction nechanisns. In contrast to
the experinments with one nechani sm discussed in Chapter 2, there
is no evidence to support a significant difference between bids
for probability-influencing self-protection and severity-
influencing self-insurance. Table 3.9 presents the results of
the WIcoxon matched-sanple sign tests conparing the bids between
mar kets SPCSP and SICSI and between markets CSPSP and CSI Sl. The
i nexperi enced and experienced hypothetical bids (UEHB and EHB),
and the nonhypothetical private and collective bids averaged over
the five trial periods (TRA and TRB) were exam ned.

In 100% of the cases, the UEHB bid was insignificantly
different between self-protection and self-insurance. This is
not surprising since if a difference exists it should be
exaggerated as trials repeat and |earning occurs. However, only
in 15% of the EHB bids was there a significant difference between
self-protection and self-insurance. In contrast, experinental
markets with one nechani sm induce nearly 100% significant
differences in EHB bids.

In addition, when conparing TRA and TRB bids across self-

protection and self-insurance narkets, we find only 7.5% of both
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Table 3.9

Summary Statistic of the Wilcoxon Matched-Sample Sign Test
for Comparison of Self-Protection and Self-Insurance

- - b

Experimental Probability gEHB TRA TRB EHB
Markets? of a Loss 2 pt—— 2 p z p 2 P
SPCSP and 20% 0.69 .49 1.66 .10 1.94 .05 2.32*¢ .02
sIcst 10% -0.15 .88 0.33 74 -8.15 .88 1.09 .28
1% 0.11 .91 0.49 .63 0.73 46 1.55 .12
40% 1.52 .13 0.99 .32 0.63 .53 1.44 .15
CSPSP and 20% 0.54 .59 -0.04 .97 1.78 .08 0.76 .45
csist 10% -1.26 .22 -2.61** .01 -0.92 .36 -0.27 .78
1% -1.29 .20 -1.43 .15 -0.82 .41 -1.00 .32
40% 132 .19 1.61 .11 0.83 41 2.14* .03

3spCsp and SICSI - private then collective self-protection or self-insurance
CSPSP and CSICSI - Collective then private self-protection or self-insurance.
bUEHB and EHB - inexperienced and experienced hypothetical bid (mean)

TRA and TRB -average private and collective nonhypothetical bid (mean)

;Test statistic

Observed significance level
*Significant at 5% level
**Significant at 1% level



the TRA bids and TRB bids differed significantly, Consequent |y,
our evidence does not support our earlier findings of a
significant difference. In the next chapter we extend the

exam nation of behavioral outconmes regarding probability versus
severity to a bargaining framework. The evidence from the
bargai ni ng experinments support the results in this chapter--no
behavi oral difference in individual outcomes over probability

relative to severity of a risk.

3.5 Sunmmary and Concl usions

Al'though the ability to act independently on one's own
behalf is a promnent feature of many, perhaps nost,
environmental and health and safety issues, its relevance to the
determ nation of option value has not heretofore been explored.
A recognition of its relevance sinply expands the nunber of
circunstances in which the sign of option value, as traditionally
defined, can be shown to be anbi guous. If wvarious reasonable
i nterdependencies (e.g., technical conplinentarities, price

interactions) were introduced along with endogenous risks into
the analysis, the list of cases with anbiguous signs would
undoubt edly expand. Even the case of the sure provision of the
desirable state, which the literature has predicted to possess a
positive option value, is easily shown to be unsignable when
self-protection is available. A conplete neasure of ex ante
value, therefore, nust include both self-protection and option

price expenditures.
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Endnot es

*The theory section of the chapter was witten with Thomas D.
Crocker in a manuscript entitled "Self-Protection, Option Price,
and Option Value."

1. See Anderson (1979), Gaham (1981), and Helns (1985) for
recent formal treatments of this definition

2.  Among others, Schmal ensee (1972), Chavas, et al. (1986),

Pl umrer and Hartman (1986), and Cory and Saliba (1987) have
considered the sign of option value under conditions of demand
uncertainty; Bishop (1982) and Brookshire, et al, (1983) have
evaluated it when supply uncertainty prevails; and G aham Tonasi
(1985) investigated it in an explicit intertenporal context.

3. (One should not confuse endogenous supply uncertainty wth
quasi -option value. The latter concept, as set forth in Arrow
and Fisher (1974), Bernanke (1983), MIller and Lad (1984), and
el sewhere focuses upon the timng of choices relative to the
timng of information acquisition in order to ascertain whether
the prospect of learning influences the efficiency conditions for
irreversi ble investnment decisions. It therefore assunes that new
data mght sooner or |ater be sonmehow introduced into the
consuner's deci sion problem In contrast, our interest is wth
the consuner's ability to manipulate intentionally the
probabilities or severity of alternative states of nature, not
with his opportunities to generate new data such that he can

| earn nore about these states.
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4, By assuming that demand is state independent, we disregard
demand uncertainty. W justify this neglect on the intuitive
grounds that the price, noney income, and preference ordering
sources of demand uncertainty are much |ess susceptible to

i medi ate and direct consuner manipul ation.

5. Conrad (1986) makes a simlar point. Qur paper differs,
however, in that (a) we directly address the inpact of self-
protection upon the individual's ex ante risk premum (option
value); and (b) the individual influences through his option
price paynment the optional level of collectively-supplied
reducti on. Conrad's (1986) results neverthel ess support our view
that accurate ex ante benefit estimation requires attention to
both self-protecting expenditures and collective option price
paynments.

6. Gallagher and Smith (1985) and Smith (1985) refer to changes
in probabilities in conbination with individual adjustnent
opportunities, but they do not treat self-induced changes in the
probabilities of alternative states as an adjustnent opportunity.
The adjustnents to which they refer appear to involve only the
redistribution of incone toward desirable states rather than
endogenous nani pul ations of the probabilities of these states.

7. Gven that option price is defined in terns of an expected
conpensating variation, this binary assunption, which is standard
in the option value literature, avoids the integrability problens
rai sed by Chipman and More (1980) with respect to possible

i nconsi stencies in using conpensating neasures to rank nore than
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two alternatives.

8. In the absence of strategic preference revelations, the
individual's option price and his option paynent would be

i denti cal . An inplicit assunption of nonstrategic behavior
pervades the option value literature.

9. Winstein et al. (1980) discuss ex ante preventive
expenditures in ternms of public provision of preventive health
practices relative to ex post curative expenditures. However,
they do not account for substitution possibilities. The

enpirical literature estimates maxi num option paynments by fram ng
t he paynment mechanism in terns of government action as the only
possible way to finance increased probability of provision [see
Geenley et al. (1981), Brookshire et al. (1983), Walsh et al.
(1984), Smith and Desvousges (1986a)(1987)]. No framework for
incorporating self protection or substitute activities is evident
in these anal yses.

10. The term "noral hazard" has been coined for questions
involving the effect of market and self-insurance upon the demand
for self-protection [Arrow (1963)]. Qur interest is in the
effect of self-protection upon the demand for insurance.

11. CGoddeeris (1983) briefly introduces endogenous probability in
the context of mtigating differing intensities of risk [ p.

157] . However, he never uses an endogenous framework to

reformul ate the option value argument.
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CHAPTER 4

Coasi an Bargaining over Ex Ante Lotteries and Ex Post Rewards

4.1 Introduction

Coase (1960) envisioned a world in which two self-interested
parties will bargain to a mutually advantageous, Pareto-optimnal
| evel of an externality regardless of initial wunilateral property
right entitlements. The power of Coase's world rests in the
decentralized attainment of efficient resource allocation even in
the presence of market failure. The potential policy
inmplications of the so-called Coase theorem are enornous. If the
Coase theorem is robust, then the role of a third party (e.g.,
the state) is reduced to sinply assigning unanbi guous unil ateral
property rights which facilitate private bargaining and econom c
ef ficiency.

Beginning with Prudencio (1982) and Hoffman and Spitzer
(1982), several experinental studies have denobnstrated the Coase
theorem is quite robust.! In general, the studies have supported
the two key behavioral outcones inplied by Coasian bargaining:

(i) two parties will agree on a Pareto-optinmal |evel of an
externality, and (ii) the agreenent wll be obtained through
nmut ual | y advant ageous bargaining between two parties. As
Harrison et al, (1987) note the Coase theorem is "behaviorally
‘alive and well' in relatively sterile and abstract bargaining

envi ronnents. "
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The experinmental studies have been reluctant however, in
proposing policies for the naturally occurring environnent. A
maj or reason is nost nonetary payoffs (profits or damages) in the
natural environment involve some degree of uncertainty.? In
contrast, Coase experinents have been designed such that payoffs
are known with conplete certainty. The two parties bargain over
the selection and distribution of a determnistic payoff stream.>
Consequently, Hoffrman and Spitzer (1985b) and Harrison et al.
(1987) warn agai nst overextending the robust experinental results
to environments where payoffs are uncertain.*

The purpose of this chapter is twofold. First, we exam ne
t he robustness of Coasian bargaining under uncertainty. The
experinent exam nes both sinple and conpound binary lottery
ganes. A sinple binary lottery game is a one-stage lottery where
the winner of a determnistic nonetary reward is uncertain. A
conpound binary lottery gane is a two-stage lottery where both
the winner and the anount of the reward is uncertain. The
experinents exam ne both |ottery games for the two conditions
necessary for the existence of Coasian bargaining: Par et o-
optimal and nutually exclusive agreenents.

Second, we step beyond Coasian bargaining and explore a
fundanental issue in choice under uncertainty. An uncertain
event (desirable or undesirable) is conprised of two key
conponents--the probability an event will occur and the magnitude
or severity of the event. W consider if individuals react

differently when bargaining over the probability (lottery) or the
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magni tude (reward) of the event. W consider this point because
in Chapters 2 evidence suggests a significant difference in
behavi oral outcones exists. Nanel y, subjects reacted
significantly different when asked to value a probability-
reduci ng decrease in risk (self-protection) than a severity-
reduci ng decrease in risk (self-insurance).5 These Coasi an
bargai ni ng experinments provide an alternative test to determ ne
if a fundamental difference exists or if the difference is an
artifact of the risk reduction experinents.

To examne this second issue, two distinct bargaining
sessions are designed: (a) ex ante lottery bargaining and (b) ex
post reward bargaining. Ex ante lottery bargaining exists when
two parties bargain over the distribution of lottery tickets that
determine the probability of winning either a certain or an
uncertain reward. Ex post reward bargaining exists when two
parties bargain over the distribution of the resulting reward.
Bot h bargaining sessions are used in the sinple and conpound
|ottery ganes.

The results of the experinment provide tentative answers to
the follow ng questions: (1) Does Coasian bargaining remain
Pareto-optimal under wuncertainty? Yes, Coasian bargaining
remains highly efficient even under uncertain payoff streans.
Wth 86.6 percent of all bargaining agreenent achieving the joint
maxi mum payoffs, our evidence provides further support for the
weak behavioral form of the Coase Theorem

(2) Does Coasian bargaining remain mutually advantageous under
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uncertainty? No, under uncertainty the bargainers tended to poo
risk rather than seek nutually advantageous outcones. Nearly
84.2 percent of all agreenments essentially agreed to pool the
risk and split the payoff or chances to win the reward even
though this inplied a disadvantegous bargain to the controller
relative to the expected payoff w thout a bargain.6

Consequently, our evidence does not support the strong behaviora
form of the Coase Theorem

(3) Is there a significant behavioral difference in Coasian
bargai ning over ex ante lotteries and ex post rewards? No, given
our sanple there was no significant statistical difference in
bargai ning over ex ante lotteries and ex post rewards. This hol d
for both behavioral outcones of Pareto efficiency and equal split
of rewards and lottery tickets. This result is supportive of the
findings in Chapter 3 were the value of risk reduction given
probability-influencing self-protection and severity-influencing
self-insurance were not significantly different. The result is,
however, in sharp contrast to the individual behavior in Chapter
2. I ndividual s valued self-protection significantly nore than
sel f-insurance. Qur Coasian bargain experinents illustrate that
a fundanental difference mght not exist in individual behavior
toward probabilities (lotteries) and severity (outcones) of
uncertain events.

(4) Does increased uncertainty affect the robustness of Coasian
bargai ning agreenents? No, there was no significant statistica

difference in bargaining over the sinple lottery and the conpound
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lottery. Again this holds for both behavioral outconmes of Pareto
efficiency and the equal splitting of rewards and lottery
tickets. I ndividuals pooled risk simlarly for both the sinple
and compound lottery. Geater uncertainty did not create basic
di fferences in bargaining behavior over probabilities and
severity.

The chapter proceeds as follows. Section 4.2 defines the
sinmple and conpound binary lottery ganes. Section 4.3 exam nes
the experinmental design and procedures. The results of the
experinent are presented in Section 4. 4. Finally, the

conclusions are presented in Section 4.5.

4.2 Coasian Bargaining and Binary Lottery Ganes

In general, a Coase experinment nust satisfy Hoffman and
Spitzer's (1982) well-defined set of assunptions: (a) two
parties to each bargain, (b) perfect know edge of one another's
utility functions, (c) perfectly conpetitive nmarkets, (d) zero
transactions costs, (e) costless court system (f) profit-
expected utility-maximzing consunmers, (g) no wealth effects, and
(h) parties will strike nutually advantageous bargains in the
absence of transactions costs. Gven assunptions (a) through
(g), assunption (h) creates two testable behavior outconmes of
Coasi an bargai ni ng: (i) Pareto-optimal agreenents between two
parties and (ii) the agreenments are mutually advantageous. W
focus on these two outconmes in testing Coasian bargaining under

uncertainty.
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G ven uncertainty, the experinent is designed so that the
parties' von Neumann-Mrgenstern expected utility function can be
det er m ned. Foll owing Roth and Mal ouf (1979), we determ ne
expected utility by constructing a binary lottery gane. A binary
lottery game is used to control individual variation due to
differences in risk preference in that each party has a given
probability of winning either a large reward or a small reward.
The parties bargain over how to allocate the chance of w nning
the large reward or how to distribute the |arge reward.’ For our
experinents both sinple and conpound binary lottery games are
construct ed.

First, consider the sinple one-stage binary lottery gane.
There are two parties, A and B, for each bargaining agreenent.
Each party can win either a large reward R or a snmall reward r,
R>r. There is a distribution of lottery tickets which reflect
the chances of winning the rewards. Let L = [pR (1-p)r] be the
sinple binary lottery such that party A has probability p
(0 < p <1 of wnning R and probability (1-p) of winning r.

Note O < p + (1-p) < 1. The expected utility of party A then is
U(L) = pUR + (1-p)YUr)

As noted by Roth (1987), since information about preferences

inplied by an expected utility function is explicitly represented

only up to an arbitrary choice of scale and origin, there is no

loss in generality in normalizing each party's utility such that

UR =1 and UYr) = 0. Therefore, in the ex ante lottery

bargaining sessions, party A's expected utility is precisely
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equal to the probability p of winning the large reward, U(L) = p.
Party B's expected utility is then equivalent to B's probability
of winning the large reward (1-p).

Roth also notes that the set of utility payoffs to the
parties of a binary lottery game is insensitive to the nagnitudes
of Rand r for both parties. The parties have conplete
i nformation whether they know each others rewards, since know ng
a party's probability of winning R is equivalent to knowing his
utility. Therefore, Coasian assunption (b), perfect knownl edge
of utility, holds.

In the ex post bargaining session, two parties bargain over
the distribution of the large reward. For exanple, say party A
agrees to receive 40% of the large reward if either party A or B
W ns.

Let Z the amount of the reward A receives with probability
p=p+(1-p). Noter <Z <R Party As expected utility then
IS

pU2Z) = UYL) =p
or

W2) = p/p

Therefore, if the Pareto-efficient outcone is agreeed on, then

p =p + (1-p) =1, and Party A's utility fromreceiving Z is
precisely equal to the probability p of receiving the large

reward.®? Party B's utility from receiving Z equals

(1-p).
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Second, consider the conpound two-stage binary lottery gane.
The conpound lottery differs from the sinple lottery in that the
wi nner of the first-stage lottery is not guaranteed of earning
the large reward with 100% certainty. There is a second-stage in
which the winner of the first-stage now has probability q of
earning the large reward R and probability (1-q) of earning the
small reward r.

The compound lottery is used to exam ne bargain behavior and
i ndi vidual choice under increase uncertainty. As is evidenced by
the so-called "Wnner's Curse,” not all winners of lotteries or
auctions are guaranteed a |arge reward.’ Oten the winner of a
lottery will find the realized reward substantially less than
expect ed. The conpound lottery captures the increased
uncertainty but still allows the party's utility to be
det er m ned. Let L = [PR; (1-p)r] be the first-stage of the
compound lottery such that party A has a probability p of w nning
R and probability (1-p) of winning r. Let'R = [gR (1-q)r} be
the second stage of the conpound lottery. After the w nning
party is decided in L, the winner has probability g of w nning
the large reward and probability (1-q) of winning the small
reward. Note q + (1+qg) = 1. The expected utility of party A
then is

U(@) = p[qUR + (L-)Ur)] + (1-p)Ur)
Again normalize utility such that UR) = 1 and Ur) = 0.
Therefore, in the ex ante lottery sessions, party A s expected

utility is precisely equal to the probability p of winning the
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lottery times the probability q of winning the |arge reward,
U('f.) = pq. Party B's expected utility then equals (1-p)q.

In the ex post bargain sessions, since both parties agree to
receive some Z (r < Z < R with probability = pq + (1-p)q < q,
Party A's utility is

PU(z) = U(L) = pg

or
U(2) = pa/P
Again, if a Pareto-efficient agreenment is reached, then
P==pg + (1l-p)g =g, and Party A's utility fromreceiving Z

equals the probability of receiving the large reward p. Party
B's utility of receiving Z when P = q is equal to
(1-p).

Finally, if tw parties cannot cone to an agreenent in the
allotted tinme, a disagreenent reward D is provided to each party.
To control for risk preference, the disagreement reward equals
the small reward, D = r. Therefore, there is no incentive for
one risk averse party to hold out for the disagreenent prize.

G ven the Coasian assunptions (a)-(h) and the binary lottery
ganmes, four propositions are presented. The first two
propositions consider Coasian bargaining under uncertainty.

Proposition 1 (P1): Two parties will bargain to a Pareto-optinal
lottery schedul e under uncertain nonetary payoffs.

Proposition 2 (P2): Two parties will bargain to a mtually
advant ageous agreenent over distribution of lottery tickets or
rewards under uncertainty.
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Acceptance of P1 and P2 will provide support for robust Coasian
bargai ning even under uncertainty. If Pl and P2 are not
accepted, however, then the general Coase theorem is not
uni versally applicable to bargaining under uncertain nonetary
payoffs. Since nost natural environments involve uncertainty to
some degree, nonacceptance will continue to restrict the
applicability of Coasian bargaining to policy decisions

The last two propositions consider the general behavioral

outcones under uncertainty.

Proposition 3 (P3): There is no behavior difference in Coasian
bargai ning over ex ante lotteries and ex post rewards.

Acceptance of P3 w Il not support earlier experinmental evidence
(Chapter 2) that a significant behavioral difference exists in

i ndi vidual perception over probability versus magnitude of an
event. If P3 is not accepted, however, these Coasian bargaining
experiments provide further support to the view that a
fundanental behavioral difference mght indeed exist.

Proposition 4 (P4): There is no behavioral difference in Coasian
bargaining in sinple versus conpound binary lottery ganes.

Accept ance of P4 suggests the robustness of Coasian bargaining is
i ndependent of the degree of uncertainty. Coasian bargaining in
the experinments would have a similar strength or weakness. If P4
is not accepted, then further experimentation is warranted to

determine if a boundary exists of robust Coasian bargaining under

uncertainty.
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4.3 Experinmental Design and Procedures

To the extent possible, the experinental design and
procedures follow Hoffman and Spitzer (1982) and Harrison and
McKee (1985). Al subjects were undergraduate students at
Appal achian State University, and were considered inexperienced
bargainers, i.e., no subject had participated in a Coasian
bargai ning experinment. As the subjects entered the |ab, each was
randomy assigned to be either party A or party B.

Each subject was given an identical set of instructions.
The subjects were told they would participate in two successive
bargai ning sessions, each session with a different opponent.
Qpponents differed to reduce |earning behavior and altruism
thereby increasing the incentive for nutually advantageous
bar gai ni ng. Each bargai ning session was face-to-face, public,
and had a ten mnute tinme constraint. No physical threats were
allowed. A nonitor was present for each session. The npbnetary
payoffs were public but only after conpletion of both sessions.

Subj ects participated in either the sinple or the conpound
lottery, not both. Regardless of the lottery gane, each subject
participated in one ex ante lottery and one ex post reward
bar gai ni ng sessi on. Each session had an agreenent outcone and a
di sagreenment outcome. The agreenent outcone required agreenent
by the two parties on (i) which nunber to select froma lottery
schedule reflecting each party's probability of winning the |arge
reward [see Table 4.1], and (ii) how to distribute lottery

tickets which determne the probability of winning a reward (ex
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Table 4.1

Alternative Lottery Schedul es

A's Chance B's Chance Joi nt
Schedul e Number to Wn (% to Wn (% Chance (%

X 1 0 80 80
2 15 75 90

3 35 65 100

4 40 55 95

5 65 25 90

6 75 20 95

7 80 0 80

Y 1 0 90 90
2 15 85 100

3 30 65 95

4 50 40 90

5 75 20 95

6 80 5 85

7 90 0 90

Z 1 0 80 80
2 5 75 80

3 15 60 75

4 25 55 80

5 45 35 80

6 75 25 100

7 80 0 80

NOTE: Joint chances to win (% were not provided to subjects.



ante lottery) or how to distribute the reward (ex post reward).
Al'l agreenment outcones required both parties sign a contract
stating the nunber selected and the distribution of lottery
tickets or reward. The contracts were perfectly enforced by the
noni t or.

If two parties could not cone to an agreenent in the
allotted tinme, then the disagreenent outcone was enforced. The
di sagreenent outcone was consistent across bargaining sessions:
If two parties could not cone to an agreenent, both parties would
receive the small reward (zero) for that session. The zero
payment di sagreenment outconme controlled for potential risk
posturing by the bargainers.

At the start of each session one party, the controller, was
given unilateral property rights over the lottery schedule. The
controller had conplete control over which nunber was sel ected
fromthe lottery schedule. The controller could select a nunber
hi mMherself and inform the nonitor, who would then end the
sessi on. The other party attenpted to influence the controller
to reach a mutually advantageous decision by offering to give
part or all of his lottery tickets or realized reward to the
controller.

Foll owi ng Hoffman and Spitzer's (1985b), experinments on
concepts of distributive justice, the controller was determ ned
on a conpetitive basis. Hoffman and Spitzer found a conpetitive
ganme trigger increased the incentive for nutually advantageous

bar gai ni ng. A sinple random assignnent of controller privileges
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(e.g., coin flip) increased the likelihood of equal distribution
of payoffs. The goal of a conpetitive gane trigger is to bestow
the controller "noral authority" over the other party. In our
experinments, the conpetitive gane trigger was a dot game simlar
in nature to Hoffman and Spitzer's (1985b) gane. The dot gane is
described in detail in the experinent instructions in AppendiX
.c_._10-

After reading the instructions at |east once and |istening
to the nonitor read the instructions once, the subjects were
given a set of questions designed to determine their
under standing of the instructions. After the subjects correctly
answered all questions and all relevant verbal questions were
answered by the nonitor, the controller was decided and the
bar gai ni ng began. First, the subjects bargained over ex post
rewards, then after switching bargaining partners the subjects
bargai ned over ex ante lottery tickets.

After both the ex ante and ex post bargaining sessions were
conpl eted, the uncertainty about nonetary payoffs was resolved.
For the sinple lottery ganme, the winner of the ex ante lottery
was determ ned by a random draw of a lottery ticket from an urn.
The conposition of tickets corresponded to the contractual
agreenments made between the two parties. The winner received the
entire large reward. In the ex post session, a random draw
determ ned the winner, and the reward was distributed to the

parties according to the contractual agreenent.

In the conpound lottery, uncertainty was resolved in two
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stages. First, the winner of the lottery was determ ned by
random draw, then the anount of the reward, either R or r, was
determined by a coin flip. The distribution of lottery tickets
and the payoffs in the ex ante and ex post sessions correspond to

the signed contractual agreenents between the two parti es.

4.4 Experimental Results

Table 4.2 presents the experimental results of Coasian
bar gai ni ng under uncertain nonetary payoffs. Proposition 1 P1 is
support ed: 86.6 percent (seventy-one out of eighty-tw) of all
bargai ns achieved a Pareto-efficient agreenent. This results
corresponds to the Coasian bargaining experiments under
certainty. In a series of experinments, Hoffman and Spitzer
(1982, 1985a, 1986) found that 89.5, 91, and 93 percent of
bargains were efficient, and Harrison and MKee (1985) found 95.1
percent of all wunilateral bargains were efficient. A sinple t-
test of two population proportions cannot reject the null
hypothesis that the efficiency results in our experinents are not
statistically different than the Harrison and MKee experinent
with the highest efficiency (95.1% wth 95 percent confidence
(t = -1.445). Consequently, our results support the weak
behavi oral form of Coasian bargaining even under uncertain payoff
streans.

Proposition 2 P2 is not supported: 84.1 percent (sixty-nine
out of eighty-two) of all bargaining agreenents split the reward

equally or within one dollar of the reward or ten percent of the
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L Table 4.2
Experimental Results

Payoff Division

Controller Controller

Joint Equal +/-10% Earns Earns More
Experiment Lottery Schedule N Maximum Split +/-$1 Maximum Than Maximum Disagreement Other
Ex Ante
ASX Simple X 10 10 5 2 0 0 0 3
ASY Simple Y 6 4 3 2 0 ] 0 1
ASZ Simple 4 7 6 5 1 0 0 0 1
AS ALL 23 20 13 5 ] 0 0 5
ACX Compound X 8 7 4 2 1 1 0 2
ACY Compound Y 6 6 2 1 1 0 0 2
ACZ Compound 2 4 3 2 1 1 0 0 0
AC ALL 18 16 8 4 3 1 0 2
Total (A) AS+AC 41 36 21 9 3 1 0 7
Ex Post
PSX Simple X 6 5 4 1 1 0 0 0
psSY Simple Y 10 8 8 2 0 0 0 0
PSsz Simple z 7 7 5 1 1 0 0 0
PS ALL 23 20 17 4 2 0 0 0
PCX Compound X 6 4 6 ] (] 0 0 0
PCY Compound Y 8 7 6 2 0 0 0 0
pcz Compound 2 4 4 3 1 0 0 0 0
PC ALL 18 15 15 3 0 0 0 0
Total (P) PS+PC 41 35 32 7 2 0 0 0
Grand Total (A) + (P) 82 71 53 16 5 1 0 7




lottery tickets. Only in 7.3 percent (six out of eighty-two) of
the agreenents did the controller achieve or exceed the maxi num
expected reward attainable w thout bargaining. Clearly, the
individuals did not follow a pattern of mutually advantageous

bar gai ni ng. The subjects pooled their risks despite the
experimental instructions explicitly stating the controllers
"moral authority"” over the bargaining session. Therefore, in
contrast to Hoffrman and Spitzer (1985a), the prebargain gane
trigger with noral authority is not sufficient to induce nutually
advant ageous bargai ning given uncertain payoff streans.

Harrison and MKee (1985) argued that a small social surplus
could create equal split bargaining. Social surplus is defined
as the difference between the nmaxi num joint chance to win (100%
and the next best alternative. W tested for this by using
Schedule Z [Table 4.1] where the social surplus was 20% i nstead
of 5% as in Schedules X and Y. In contrast to Harrison and
McKee, the larger social surplus failed to induce mutually
advant ageous bargaining: 86.4% (nineteen out of twenty-two) of
t he bargains under Schedule Z were essentially an equal split.
The results do not support the strong behavioral form of Coasian
bargai ni ng under uncertain mnonetary payoffs.

Proposition 3 P3 cannot be rejected given the results
reported in Table 4.2. Using a Chi-square goodness-of-fit test
[see Siegal (1956)] with a 90% confidence level, there is no
statistical difference in bargaining over ex ante lottery and ex

post rewards. Table 4.3 presents the results of the statistical
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Table 4.3

Statistical Tests of Propositions 3 and 4

Chi -Square Test Statistic:

Nul |
Test Hypot hesi s Pareto Optinmality Equal Split
Proposition 3
Ex Ante vs.
Ex Post Bargai ning
AS = Pps® 0.025° 0.103
AC = PC 0. 000 0. 833
AS + AC = PS + PC 0. 000 0.928
Proposition 4
Si mpl e vs.
Conpound Lottery
AS= A C 0.010° 0. 066
PS = PC 0. 001 0. 017
AS + PS = AC + PC 0. 006 0, 003

& _ Definition of variables is in Table 4.2

- W cannot reject the null hypothesis for Proposition 3 with a
90% confi dence | evel

¢ . v cannot reject the null hypothesis for Proposition 4 with a
90% confi dence | evel

NOTE - See S. Siegal (1956) for an explanation of all statistical
t er m nol ogy.



tests. This result holds for both the weak (Pareto efficiency)

and the strong (nutually advantageous bargains) behavioral firns
of Coasian bargaining. The results also holds regardl ess of the
lottery (sinple or compound) or the social surplus (Schedule X

and Y or 2).

This result inplies no fundanental behavioral difference
exi sts between bargaining over ex ante l|lotteries and ex post
rewar ds. Individuals were just as likely to bargain efficiently
and to split the lottery tickets or reward evenly. This result
contrasts the valuation results of Chapter 2 in the experinental
markets with one risk reduction mechanism The valuation results
indicated that individuals were willing to bid nore for
probabi lity-influencing sel f-protection than severity-influencing
sel f-i nsurance. The results of Coasian experinent fail to
support this difference in behavior. Therefore, the observation
of behavioral differences over probability and severity of an
event may very well be experinent-specific and not readily
transferable to a broader range of phenonena.

Proposition 4 P4 cannot be rejected given the statistical
tests reported in Table 4.3. There appears to be no significant
statistical differences in Coasian bargaining as risk increases.
Both the bargainers in the sinple and conpound lottery were
equally likely to be efficient and to pool risks to an
essentially equal split of lottery tickets or rewards. Nei t her
the sinple or the conpound lottery was sufficient to induce a

change toward nutually advantageous bargaining. Risk pooling
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behavi or was equally strong in both lotteries. The
(non)robustness of Coasian bargain was found to be independent on

the degree of wuncertainty.

4.5 Concl usions

Coasi an bargai ning has been exam ned under uncertain payoff
streans. I ndi vi dual s bargained over both the ex ante probability
of winning a reward (lottery tickets) and the ex post reward
itsel f. The experinmental results reported provided m xed support
for the Coase theorem The results strongly support the weak
behavi oral form of Coasian bargaining in that nearly 87% of all
agreenents were Pareto efficient. Unfortunately, the results do
not support the strong behavioral formin that only 7.3% of
agreenents were nutually advantageous. Consequently, we nust
continue to support Hoffrman and Spitzer's (1985b) warni ng about
proposing policy recommendations based on the Coase theorem in
natural occurring environnments possessing any degree of
uncertainty regarding nonetary payoffs.

Finally, the results do not support the proposition that a
fundanental difference exists in individual behavior toward ex
ante lotteries (or probabilities) and ex post rewards (or
severity). W find no behavioral difference in bargaining.

Bargai ning over both ex ante lotteries and ex post rewards are
equally likely to generate Pareto efficient and nonnutually

advant ageous agreenents.
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ENDNOTES
1. O her studies include Harrison and MKee (1985), Harrison et
al. (1987), Hoffman and Spitzer (1985a, 1986), and Coursey et al.
(1987) .
2. Harrison et al. (1986) note three other sources of bargaining
breakdown not incorporated into the Coase theorem experinents
First, experinental contracts are perfectly enforced. Breach of
contract was not an option to either of the two parties. Second,
negotiation (or transaction) costs are assunmed to be zero.
Third, externalities were bilateral between the two bargaining
parties. No third party was involved in either the danmages or
bar gai ni ng.
3. Even in the private or limted information experinents of
Hof fman and Spitzer (1982) the payoff streans were determnistic
4. Harrison et al. (1986) note "[o]f course, to be confident
about these possibilities for bargaining breakdown we would have
to promul agate a nodel involving uncertainty and test it.
Natural environnents are likely to include such uncertainties, so
we again counsel caution in directly applying our results.”
[p. 400. Par ant heses omtted].
5. See Ehrlich and Becker (1972), Marcel and Boyer (1983),
Hi ebert (1983), and Chang and Ehrlich (1985) for discussion of
self-protection and self-insurance.
6. As in Harrison and MKee (1985), we consider an "essentially
equal split" as being agreenents with an equally split or a splot

of +/- $1 of the reward or +/- 10 percent of the lottery tickets.
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7. A so see Roth (1987) for a discussion on binary lottery ganes

in econom c experinents.

8. In our experinents, the Pareto-efficient outcone always
inplies p=p + (1-p) = 1 In other words, there is a 100
percent chance one of the two bargainers will win the |arge

reward. This condition is not necessary, however, for Pareto-

ef ficiency. For example, it could be that p = (p + (1-p) = .95
represents the Pareto efficient outcome. This would hold as |ong
as 95% yi el ded the highest expected payoff for both parties. An
interesting extension of these bargaining experinents would be to
consi der bargaining where the Pareto-efficient outcone is always
less than 100% This would provide a weak test of the generality
of the so-called "certainty effect"” discussed by Kahneman and
Tversky (1979).

9. The "Wnner's Curse" exists if a winner of a lottery or
auction actually earns negative or |ess-than-expected profits
when the nonetary outcone of the lottery is reveal ed. See Thal er
(1988) .

10. See Nal ebuff (1988) for another description of the dot gane

prebargain gane trigger.
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CHAPTER 5

Conclusions and Future D rections

Executive Order 12291 nmandated all new major regulations be
justified in terns of benefits and costs. G ven the natural
environment involves sone degree of risk and uncertainty, benefit
estimation has begun to concentrate on ex ante planned
expenditures rather than ex post realized outcomes as the
theoretical correct neasure of welfare. The val uation technique
currently advocated to neasure ex ante planned expenditures is
the controversial contingent valuation nethod. The conti ngent
val uation nethod, however, is subject to a nunber of criticisnms
of uncontrollable biases. To conbat these criticisns economsts
have turned to experimental economcs. Laboratory experiments
provide a structured, tightly-controlled environnent wth
explicit structural incentives to control for real world noise.
Experinents match individual behavior with theory, isolating
potentially damaging biases before field inplenmentation, thereby
increasing the validity and accuracy of the contingent valuation
nmet hod.

The purpose of this project is to exam ne the econom c val ue
of reduced risk in experinental markets. Three different
experiments are designed to exam ne individual choice and
behavi oral outcones under risk and uncertainty. The results
provide insight into future avenues for exploration by

practitioners of the contingent valuation method. First, the
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experiments provide evidence that the mechanism used to reduce
risk is inmportant. Reducing risk by altering the probability or
severity of an undesirable event through a private or collective
mechani sm has induced significantly different value estimates.
Future field contingent valuation experiments on reduced risk
should consider the alternative routes to reduce risk. As noted
earlier, the tradition focus has been on collective reductions of
probabilities [e.g., Smith and Desvousges (1987)].

Second, value formation to a stable price occurred rapidly
in experinental markets with one risk reduction nechanism The
rapid adjustnment has two inplications on contingent valuation:

(1) the addition of a second-chance bid which allows the
individual to adjust his or her initial bid after being provided
with new market information may inprove the accuracy of valuation
response in a field context. New information such as average
respondent valuation or outlay over an extended time horizon may
i nduce the taAtonnenent process necessary for a stable inplicit or
explicit price. (2) The rapid bid adjustnent indicated that

| earning does occur, thereby reducing fears of hypothetical asset
bias raised by many critics of the contingent valuation approach.
The |earning, however, was not as robust in the nore realistic
experimental markets with two risk reduction nechani smns. The
apparent tradeoff between learning in a repeated feedback
framework is sensitive to the structure of risk reduction.

Third, if constraints force the elicitation of only one

i nexperi enced hypothetical bid in field contingent valuation
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experiments, it may be the experienced bid can be predicted given
prior information of value formation in experinental narkets.

The results indicate that the inexperienced bid is a significant
predictor of the final experienced bid in both experinental
markets with one and two nmechanism The initial inexperienced
bid adjusted for learning could reflect the valuation of an asset
in an experienced market. The robustness of this result,
however, decreases in lotteries of 1% probability of an
undesirable event occurring. This is not encouraging since nost
natural |l y-occurring environnental risks are generally less than
1% risk per year or lifetinmne.

Fourth, the results of the experimental markets with two
risk reduction mechanisns indicate the necessity of including the
option to respondents as to which mechanism private or
collective, they prefer. Wile noting that the subjective costs
of participating may increase with a extra choice, the additional
realism may provide a better mechanism for accurately revealing
preferences for tradition non-market goods. The experinental
markets could be structure individually or in actual groups as in
the Brookshire and Coursey (1987) field experinents with a Smth-
type auction process. Brookshire and Coursey, however, did not
exam ne the substitutable private and collective franework in
their field application of experinmental insights into preference
revel ati on.

Finally, there are nunmerous extensions to the basic

experinent design in this report. One is to exam ne the
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experinental markets with two nechani sns under majority voting
rules rather than unanimty voting rules. The goal would be to
i nduce the private bidders to use their collective bid and not
their veto power in determining if collective protection is
pur chased. Anot her extension would be to change the incentives
for risk pooling in the bargaining experinents to examne if ex
ante and ex post bargaining remains simlar

The nost inportant extension, however, would be to exam ne
valuation of reduced risk in experinental markets given tenpora
resolution of wuncertainty. Tinming of resolution of a risk and
how it affects individual value formation has received little
attention in the applied valuation literature. Typically, nost
environmental risks involve delayed (i.e., tenporal) as opposed
to imediately (i.e., tineless) resolved risk. For exanpl e
exposure to carcinogens often takes decades before the actua
health effects are reveal ed. If tenporal risk is the rule rather
than the exception, then determ ning how delayed resol ution
affects value formation is inportant for wunderstanding the
econom ¢ value of reduced risk.

The results of the tenporal experinents could prove useful
to the EPA in two key ways. First, the experiments provide a
detail ed exam nation of individual choice and induced preference
given tenporal risk resolution. If, as theory predicts,
individuals prefer tineless to tenporal risk, one would expect a
hi gher risk premum (i.e., nore risk aversion) assigned to any

t enporal prospect. Such results would indicate that current
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timeless risk reduction valuations provide a |ower bound on
econom c value. The tenporal risk experinments will provide a
test to determine if the tineless value estinmates are downwardly
bi ased.

Second, the tineless risk experinments present herein found
that value formation occurred rather rapidly with repeated market
trials. Bids for self-protection and self-insurance adjusted to
a stable anmount after just one or two additional market trials.
These results are encouraging for the continuing use of demand
reveal i ng mechani sns such as the contingent valuation nethod
since sinple adjustnents (e.g., "second-chance bid") can be nade
to the current one-shot field experinents. The experiments on
temporal risk will provide a test of the robustness of rapid
value formation given feedback is del ayed. If value fornmation
remains robust, then the addition of extra bidding trials in
field experinments can generate a nore accurate market response,
even given delayed risk resolution. If value formation does not
remai n robust, however, one nust then question whether repeated
trials will add to accuracy in field contingent valuation
experinents exam ning the econom c value of reduced tenporal

risk.
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Appendi x A

Instructions for Experinental Markets with One

S P

CoA:
CoASI :

R sk Reduction Mechani sm

Private self-protection market
Private self-insurance nmarket
Coll ective self-protection market

Col l ective self-insurance narket



[S-P]

I nstructi ons

Gener al

You are about to participate in an experinment about decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You

will be paid in cash at the end of the experinent.

Specific Instructions
You will be asked to nmake several decisions. Each deci si on
will involve stating your maximum willingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any other participant. Note that any comrunication between
bi dders during a trial will result in an autonatic |oss of $4.
Over the course of the experinent, you will be asked to bid

your maximum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.
For exanple, given an initial starting inconme of $10, if there is
a 60% chance that you will gain $1, and a 40% chance that you
will lose $4, what is the maxi mum you would be willing to pay to
guarantee a 100% chance of winning $1 and a 0% chance of 1o0sing
$47? . There will be ten bidding trials in each probability
peri od. Note that for each trial the starting incone wll always
be $10. Your gains or losses do not carry over to the next trial
or probability period.

Each participant is conpeting to purchase the right to



protect hinlherself from a certain probability of a $4 |oss. The

participant with the highest willingness to pay bid wins this

right of protection and will be guaranteed a 0% chance of a $4

l oss and a 100% chance of a $1 gain. The highest bidder nust in

all cases pay the bid of the second highest bidder. Al other

participants are then subject to a random draw to deternmine if a

| oss or gain occurs. Note that in the event that there is a tie

for the highest bid, those participants will be asked to rebid.
The actual experinent will proceed as follows:

Step 1: At the beginning of the experiment you will state a
separate hypothetical bid for reducing each of the four
probabilities of a loss to zero.

Step 2: The experinmenter selects a probability period

Step 3: Ten bidding trials will be run for the selected
probability period.

Step 4: At the beginning of each bidding trial for a given
probability period, you will state a bid by witing it
on the recording card. Note that your initial incone
remains at $10 for each trial regardl ess of your
winnings or losses in the trial periods before.

Step 5: After the recording card has been collected from each
participant, the experinenter will display the wi nner
(the highest bidder) and the price of protection on the
bl ackboar d. The w nner nust pay the displayed price of
protecti on.

Step 6: The experinmenter will then draw one chip from the urn

A white chip results in a $1 gain for everyone, a red



Step 7:

Step 8:

chip results in a $4 loss for everyone (except the

hi ghest bi dder).

After ten trial periods, a final hypothetical bid wll
be elicited for the probability period.

The process will repeat until all four probability

peri ods have been exam ned. Your take honme incone will
consist of your initial incone plus or mnus your

gains, losses, and purchases of protection.

Are there any questions?



[S1]

I nstructions

Gener al

You are about to participate in an experinment about decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You

will be paid in cash at the end of the experinent.

Specific Instructions
You will be asked to make several decisions. Each deci sion
will involve stating your maximum willingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any other participant. Note that any conmmuni cati on between
bidders during a trial will result in an autonatic |oss of %$4.
Over the course of the experinment, you will be asked to bid

your maximum willingness to pay to insure against a |oss of $4

for a series of different probability periods (40% 20% 10% and

19 . For exanple, given an initial starting income of $10, if
there is a 60% chance that you will gain $1, and a 40% chance
that you will lose $4, what is the nmaxi num you would be wlling

to pay to fully insure against a 40% chance of |osing $4
There will be ten bidding trials in each probability period.
Note that for each trial the starting income will always be $10.

Your gains or losses do not carry over to the next trial or



probability period.

Each participant is conpeting to purchase the right to
insure himherself from a certain probability of a $4 |oss. The
participant with the highest willingness to pay bid wins this
right of insurance and will be guaranteed full coverage against

potential $4 loss. The highest bidder nust in all cases pay the

bid of the second highest bidder. Al participants are subject
to a random draw to determine if a loss or gain occurs. Not e

that in the event that there is a tie for the highest bid, those

participants will be asked to rebid.
The actual experinment will proceed as follows:
Step 1: At the beginning of the experinent you will state a

separate hypothetical bid for insuring against a $4
loss in each of the four probability periods.

Step 2: The experinenter selects a probability period.

Step 3: Ten bidding trials will be run for the selected
probability period.

Step 4: At the beginning of each bidding trial for a given
probability period, you will state a bid by witing it
on the recording card. Note that your initial incone
remains at $10 for each trial regardl ess of your
winnings or losses in the trial periods before.

Step 5: After the recording card has been collected from each
partici pant, the experinenter wll display the w nner
(the highest bidder) and the price of insurance on the
bl ackboar d. The w nner mnust pay the displayed price of

i nsur ance.



Step 6:

Step 7:

Step 8:

The experinmenter will then draw one chip from the urn.

A white chip results in a $1 gain for everyone, a red

chip results in a $4 loss for everyone (except the

hi ghest bi dder).

After ten trial periods, a final hypothetical bid wll
be elicited for the probability period.

The process will repeat until all four probability

peri ods have been exam ned. Your take hone inconme wll
consist of your initial income plus or mnus your

gains, |osses, and purchases of insurance.

Are there any questions?



[ CoAl

I nstructi ons

Gener al

You are about to participate in an experinent about decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You

will be paid in cash at the end of the experinent.

Specific Instructions
You will be asked to make several decisions. Each deci sion
will involve stating your maximum wllingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any other Participant. Note that any communi cation between
bidders during a trial wll result in an autonatic |oss of %$4.
Over the course of the experinment, you will be asked to bid

your maximum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.
For exanple, given an initial starting income of $10, if there is
a 60% chance that you will gain $1, and a 40% chance that you
will lose $4, what is the maxi mum you would be willing to pay to
guarantee a 100% chance of winning $1 and a 0% chance of 1o0sing
$4? ___ . There will be ten bidding trials in each probability
peri od. Note that for each trial the starting inconme wll always

be $10. Your gains or losses do not carry over to the next tria



or probability period.

Each participant is cooperating to purchase the right to
protect him herself from a certain probability of a $4 loss. ¢
the entire group's collective bids equal or exceed the cost of
reducing the probability of a $4 to zero, then the group will be
guaranteed a 0% chance of a $4 loss and a 100% chance of a $1

gain. Each bidder nust in all cases pay the average bid of the

col l ecti ve. If the group's collective bids do not exceed the

costs, then all participants are then subject to a random draw to

determine if a loss or gain occurs.
The actual experinment will proceed as follows:

Step 1: At the beginning of the experinent you will state a
separate hypothetical bid for reducing each of the four
probabilities of a loss to zero.

Step 2: The experinenter selects a probability period.

Step 3: Ten bidding trials will be run for the selected
probability period.

Step 4: At the beginning of each bidding trial for a given
probability period, you will state a bid by witing it
on the recording card. Note that your initial income
remains at $10 for each trial regardl ess of your

winnings or losses in the trial periods before.

Step 5: After the recording card has been collected from each
participant, the experinmenter will display the sum of
collective bids. If the bids exceed the costs then the
experimenter will display the price of protection

(average bid) on the bl ackboard.



Step 6:

Step 7:

Step 8:

Step 9:

After the price is displayed each nenber votes on

whet her to purchase the protection. I f each nenber
votes "yes", then everyone nust pay the displayed price
of protection, and is guaranteed a 100% chance of a $1
gai n. However, if at |east one nenber vetoes the
purchase by voting "no", then everyone is subject to a
random draw.

If bids fail to exceed costs or if purchase of
protection is vetoed, then the experinenter wll then
draw one chip fromthe urn. A white chip results in a
$1 gain for everyone, a red chip results in a $4 |oss
for everyone.

After ten trial periods, a final hypothetical bid wll
be elicited for the probability period.

The process will repeat until all four probability
peri ods have been exam ned. Your take hone incone wll
consist of your initial income plus or mnus your

gains, |osses, and purchases of protection.

Are there any questions?



[ CoASI ]

I nstructions

Gener al

You are about to participate in an experinment about decision
maki ng under risk and uncertainty. The purpose of the experinment
is to gain insight into certain features of econom c processes.

If you follow the instructions carefully you can earn noney. You

will be paid in cash at the end of the experinent.

Specific Instructions
You will be asked to make several decisions. Each deci sion
will involve stating your maximum willingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any other participant. Not e that any conmuni cation between
bi dders during a trial will result in an autonatic |o0ss of $4.
Over the course of the experinment, you will be asked to bid

your maximum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.

For exanple, given an initial starting income of $10, if there is

a 60% chance that you will gain $1, and a 40% chance t hat you
will lose $4, what is the maxi mum you would be willing to pay to
fully insure against a 40% chance of |osing $4? . There

will be ten bidding trials in each probability period. Not e t hat
for each trial the starting income will always be $10. vour

gains or losses do not carry over to the next trial or



probability period.

Each participant is conpeting to purchase the right to
insure hinlherself from a certain probability of a $4 | oss. | f
the entire group's collective bids equal or exceed the cost of
insuring against the probability of a $4 loss, then the group

will be guaranteed full coverage. Each bidder nust in all cases

pay the average bid of the collective. |f the group's collective

bi ds do not exceed the costs, then all participants are then

subject to a random draw to determne if a loss or gain occurs.
The actual experinment will proceed as foll ows:

Step 1: At the beginning of the experiment you will state a
separate hypothetical bid for reducing each of the four
probabilities of a loss to zero.

Step 2: The experinmenter selects a probability period.

Step 3: Ten bidding trials will be run for the selected
probability period.

Step 4: At the beginning of each bidding trial for a given
probability period, you will state a bid by witing it
on the recording card. Note that your initial incone
remains at $10 for each trial regardless of your
wi nnings or losses in the trial periods before.

Step 5: After the recording card has been collected from each

participant, the experinmenter wll display the sum of
col | ecti ve bids. If the bids exceed the costs then the
experimenter will display the price of insurance

(average bid) on the bl ackboard.

Step 6: After the price is displayed each nenber votes on



Step 7

Step 8:

Step 9:

whet her to purchase the insurance. I f each nenber

votes "yes", then everyone nust pay the displayed price
of insurance, and is guaranteed full coverage against a
potential $4 | oss. However, if at |east one nenber
vetoes the purchase by voting "no", then everyone is
subject to a random draw.

If bids fail to exceed costs or if purchase of
insurance is vetoed, then the experinmenter will then
draw one chip fromthe urn. A white chip results in a
$1 gain for everyone, a red chip results in a $4 |oss
for everyone.

After ten trial periods, a final hypothetical bid wll
be elicited for the probability period.

The process will repeat until all four probability

peri ods have been exam ned. Your take hone incone wil

consist of your initial income plus or mnus your

gains, |osses, and purchases of insurance.

Are there any questions?



Appendi x B

Instructions for Experinental Markets with Two
R sk Reduction Mechani sns

SPCSP:
S| CSl :

CSPSP:
Csl Sl

Private then collective
Private then collective
Col l ective then private

Col l ective then private

sel f-protection
sel f-i nsurance
sel f-protection

sel f-i nsurance



[ SPCSP]

I nstructions

Gener al

You are about to participate in an experinment about decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You
will be paid in cash at the end of the experinent. The
experiment is funded by the U 'S. Environnmental Protection Agency.
Specific Instructions

You will be asked to make several decisions. Each decision
will involve stating your maximum willingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any ot her partici pant. Note that any comrunication between
bidders during a trial will result in an automatic |oss of %$4.
Over the course of the experinent, you will be asked to bid

your maximum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.
For exanple, given an initial starting income of $10, if there is
a 60% chance that you will gain $1, and a 40% chance that you
will lose $4, what is the maxi mum you would be willing to pay to
guarantee a 100% chance of winning $1 and a 0% chance of | o0sing
$4? __ . There will be five bidding trials in each
probability period. Each bidding trial wll elicit two bids

one conpetitive bid and one cooperative bid. Note that for each

trial the starting inconme will always be $10. Your gains or



| osses do not carry over to the next trial or probability period.
Each participant will alternative between conpetitive and
cooperative purchases of the right to protect himherself from a
certain probability of a $4 |oss. First, for the cooperative
bid, the participant with the highest willingness to pay bid w ns
the right of protection and will be guaranteed a 0% chance of a

$4 loss and a 100% chance of a $1 gain. The highest bidder nust

in all cases pay the bid of the second highest bidder. No random
draw will be nade after the conpetitive bidding. In the event
there is a tie for the highest bid, those participants wll be

asked to rebid.

Second, for the collective bid, if the entire group's
collective bids equal or exceed the cost of reducing the
probability of a $4 to zero, then the group will be guaranteed a
0% chance of a $4 |loss and a 100% chance of a $1 gain. Each

bidder nust in all cases pay the average bid of the collective.

If the group's collective bids do not exceed the costs, then all
participants are then subject to a random draw to determne if a

| oss or gain occurs.

The actual experiment will proceed as follows:
Step 1: At the beginning of the experinent you will state a

separate hypothetical bid for reducing each of the four
probabilities of a loss to zero.

Step 2: The experimenter selects a probability period.

Step 3: Ten bidding trials will be run for the selected
probability period. Each bidding trial will elicit two

bids, a conpetitive bid and a collective bid.



Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

At the beginning of each bidding trial for a given
probability period, you will first state your
conpetitive bid by witing it on the recording card.
Note that your initial income returns at $10 for each
trial regardless of your winnings or losses in the
trial periods before.

After the recording card has been collected from each
participant, the experinmenter wll display the wi nner
(the highest bidder) and the price of protection on the
bl ackboar d. The w nner nust pay the displayed price of
protection, and is guaranteed a 100% chance of a $1

gai n. No random draw will be nmade at this tine.

Next you will state your collective bid on a recording
card. The winner of the conpetitive bid is not
excluded from the conpetitive bidding process, and is
required to enter a collective bid.

After the recording card has been collected from each

participant, the experinmenter will display the sum of
col l ective bids. If the bids exceed the costs then the
experinmenter will display the price of protection

(average bid) on the bl ackboard.

After the price is displayed each nenber votes on

whet her to purchase the protection. If each nenber
votes "yes", then everyone nust pay the displayed price
of protection, and is guaranteed a 100% chance of a $1
gai n. However, if at |east one nenber vetoes the

purchase by voting "no", then everyone is subject to a



Step 9:-

Step 10:

Step 11:

random draw.

If bids fail to exceed costs or if purchase of
protection is vetoed, then the experimenter wll then
draw one chip fromthe urn. A white chip results in a
$1 gain for everyone, a red chip results in a $4 |oss
for everyone except for the highest bidder of the
conpetitive auction.

After five trial periods, a final hypothetical bid will
be elicited for the probability period.

The process will repeat until all four probability
peri ods have been exam ned. Your take hone incone wll
consist of your initial income plus or mnus your

gains, losses, and purchases of protection.

Are there any questions?



[ SPCSP]

I nstructions

Gener al

You are about to participate in an experinment about decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You
will be paid in cash at the end of the experinent. The

experiment is funded by the U S. Environmental Protection Agency.

Specific Instructions
You will be asked to nake several deci sions. Each deci sion
will involve stating your maximum willingness to pay bid to

elimnate a potential risk. You are not to reveal vyour bid to

any other participant. Not e that any communi cation between
bi dders during a trial will result in an automatic | oss of $4.
Over the course of the experiment, you will be asked to bid

your maximum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.
For exanple, given an initial starting incone of $10, if there is
a 60% chance that you will gain $1, and a 40% chance that you
will lose $4, what is the naxi num you would be willing to pay to
guarantee a 100% chance of winning $1 and a 0% chance of | osing
$4? There will be five bidding trials in each

probability period. Each bidding trial will elicit two bids:



one conpetitive bid and one cooperative bid. Note that for each
trial the starting incone will always be $10. Your gains or
| osses do not carry over to the next trial or probability period.
Each participant will alternate between conpetitive and
cooperative purchases of the right to protect himherself from a
certain probability of a $4 |oss. First, for the cooperative
bid, the participant with the highest wllingness to pay bid wns
the right of protection and will be guaranteed a 0% chance of a

$4 loss and a 100% chance of a $1 gain. The highest bidder nust

in all cases pay the bid of the second highest bidder. No random
draw will be nade after the conpetitive bidding. In the event
there is a tie for the highest bid, those participants wll be

asked to rebid.

Second, for the collective bid, if the entire group's
collective bids equal or exceed the cost of reducing the
probability of a $4 to zero, then the group will be guaranteed a
0% chance of a $4 loss and a 100% chance of a $1 gain. Each

bidder nust in all cases pay the average bid of the collective.

If the group's collective bids do not exceed the costs, then all
participants are then subject to a random draw to deternmne if a

| oss or gain occurs.

The actual experiment will proceed as follows:
Step 1: At the beginning of the experinment you will state a

separate hypothetical bid for reducing each of the four
probabilities of a loss to zero.
Step 2: The experinmenter selects a probability period.

Step 3: Five bidding trials will be run for the selected



Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

probability period. Each bidding trial wll elicit two
bids, a conpetitive bid and a collective bid.

At the beginning of each bidding trial for a given
probability period, you will first state your
conpetitive bid by witing it on the recording card.
Note that your initial incone returns to $10 for each
trial regardless of your winnings or losses in the
trial periods before.

After the recording card has been collected from each
participant, the experinenter wll display the w nner
(the highest bidder) and the price of protection on the
bl ackboar d. The w nner mnust pay the displayed price of
protection, and is guaranteed a 100% chance of a $1

gai n. No random draw will be made at this tine.

Next you will state your collective bid on a recording
card. The winner of the conpetitive bid is not
excluded from the conpetitive bidding process, and is
required to enter a collective bid.

After the recording card has been collected from each

participant, the experinenter will display the sum of
col l ective bids. If the bids exceed the costs then the
experinenter will display the price of protection

(average bid) on the bl ackboard.

After the price is displayed each nenber votes on

whet her to purchase the protection. If each nenber
votes "yes", then everyone nust pay the displayed price

of protection, and is guaranteed a 100% chance of a $1



Step 10:

Step 11:

gai n. However, if at |least one nenber vetoes the

purchase by voting

random dr aw.

No", then everyone is subject to a

If bids fail to exceed costs or if purchase of

protection is vetoed, then the experinenter wll then

draw one chip from the urn. A white chip results in a

$1 gain for everyone, a red chip results in a $4 |oss

for everyone except for the highest bidder of the

conpetitive auction.

After five trial periods, a final hypothetical bid wll

be elicited for the probability period.

The process will repeat until all four
peri ods have been exam ned. Your take

consist of your initial inconme plus or

probability

hone income wll

m nus your

gains, losses, and purchases of protection.

Are there any questions?



[ SPCSP]

I nstructi ons

Gener al

You are about to participate in an experinment about decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You
will be paid in cash at the end of the experinent. The

experiment is funded by the U S Environnmental Protection Agency.

Specific Instructions
You will be asked to nake several decisions. Each deci sion
will involve stating your maximum willingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any other participant. Note that any conmmuni cation between

bi dders during a trial will result in an autonmatic | oss of $4.

Over the course of the experinment, you will be asked to bid
your maximum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.
For exanple, given an initial starting inconme of $10, if there is
a 60% chance that you will gain $1, and a 40% chance that you
will lose $4, what is the maxi mum you would be willing to pay to
guarantee a 100% chance of winning $1 and a 0% chance of | osing
$47? . There will be five bidding trials in each

probability period. Each bidding trial will elicit tw bids:



one conpetitive bid and one cooperative bid. Note that for each
trial the starting incone will always be $10. Your gains or
| osses do not carry over to the next trial or probability period.
Each participant will alternate between conpetitive and
cooperative purchases of the right to insure himherself from a
certain probability of a $4 | oss. First, for the collective bid,
the participant with the highest willingness to pay bid wins the
right of insurance and will be guaranteed full coverage against a

$4 loss. The highest bidder nust in all cases pay the bid of the

second highest bidder. No random draw wll be nade after the
conpetitive bidding. In the event there is a tie for the highest
bid, those participants will be asked to rebid.

Second, for the collective bid, if the entire group's
collective bids equal or exceed the cost of reducing the severity
of a $4 to zero, then the group will be guaranteed full coverage

agai nst a chance of a $4 | oss. Each bidder nust in all cases pay

the average bid of the collective. If the group's collective

bids do not exceed the costs, then all participants are then

subject to a random draw to determne if a loss or gain occurs.
The actual experinent will proceed as foll ows:

Step 1: At the beginning of the experinent you will state a
separate hypothetical bid for reducing each of the four
probabilities of a loss to zero.

Step 2: The experinmenter selects a probability period.

Step 3: Five bidding trials will be run for the selected
probability period. Each bidding trial wll elicit two

bids, a conpetitive bid and a collective bid.



Step 4:

Step S:

Step 6:

Step 7:

Step 8:

At the beginning of each bidding trial for a given
probability period, you will first state your
conpetitive bid by witing it on the recording card.
Note that your initial incone returns to $10 for each
trial regardless of your winnings or losses in the
trial periods before.

After the recording card has been collected from each
participant, the experinenter wll display the w nner
(the highest bidder) and the price of insurance on the

bl ackboar d. The w nner nust pay the displayed price of

insurance, and is guaranteed full coverage. No random
draw will be nade at this tine.
Next you will state your collective bid on a recording

card. The winner of the conpetitive bid is not
excluded from the conpetitive bidding process, and is
required to enter a collective bid.

After the recording card has been collected from each

participant, the experinenter wll display the sum of
col l ective bids. If the bids exceed the costs then the
experimenter will display the price of insurance

(average bid) on the bl ackboard.

After the price is displayed each menber votes on

whet her to purchase the insurance. | f each nenber
votes "yes", then everyone nust pay the displayed price
of insurance, and is guaranteed full coverage.

However, if at |east one nenber vetoes the purchase by

voting "no", then everyone is subject to a random draw.



Step 9:

Step 10:

Step 11:

If bids fail to exceed costs or if purchase of
insurance is vetoed, then the experinenter will then
draw one chip fromthe urn. A white chip results in a
$1 gain for everyone, a red chip results in a $4 |oss
for everyone except for the highest bidder of the
conpetitive auction.

After five trial periods, a final hypothetical bid wll
be elicited for the probability period.

The process wll repeat wuntil all four probability
peri ods have been examned. Your take hone income will
consist of your initial income plus or mnus your

gains, losses, and purchases of insurance

Are there any questions?



[ CSPSP]

I nstructions

Gener al

You are about to participate in an experinent about decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You
will be paid in cash at the end of the experinent. The

experinent is funded by the U S. Environnental Protection Agency.

Specific Instructions
You will be asked to nake several deci sions. Each deci sion
will involve stating your maxinmum wllingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any other participant. Note that any comruni cation between
bi dders during a trial will result in an autonmatic | oss of $4.
Over the course of the experinment, you will be asked to bid

your maxi mum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.
For exanple, given an initial starting income of $10, if there is
a 60% chance that you will gain $1, and a 40% chance that you
wll lose $4, what is the maxi num you would be willing to pay to
guarantee a 100% chance of winning $1 and a 0% chance of | o0sing
$47? . There will be five bidding trials in each

probability period, Each bidding trial will elicit two bids:



one conpetitive bid and one cooperative bid. Note that for each
trial the starting inconme will always be $10. Your gains or
| osses do not carry over to the next trial or probability period.
Each participant will alternate between conpetitive and
cooperative purchases of the right to protect himherself from a
certain probability of a $4 |oss. First, for the collective bid,
if the entire group's collective bids equal or exceed the cost of
reducing the probability of a $4 to zero, then the group wll be
guaranteed a 0% chance of a $4 loss and a 100% chance of a $1

gain. Each bidder nust in all cases pay the bid of the

col l ecti ve. If the group's collective bids do not exceed the
costs, then no protection is provided for the collective group.
Second, for the conpetitive bid, the participant with the
hi ghest willingness to pay bid wins the right of protection and
will be guaranteed a 0% chance of a $4 |loss and a 100% chance of

a $1 gain. The highest bidder nust in all cases pay the bid of

t he second highest bidder. No random draw will be made after the
conpetitive bidding. In the event there is a tie for the highest
bid, those participants will be asked to rebid. Then all

participants are then subject to a random draw to determne if a

| oss or gain occurs.

The actual experinent will proceed as foll ows:

Step 1: At the beginning of the experinment you will state a
separate hypothetical bid for reducing each of the four
probabilities of a | oss.

Step 2: The experinmenter selects a probability period.

Step 3: Five bidding trials will be run for the selected



Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

probability period. Each bidding trial will elicit two
bids, a collective bid and a conpetitive bid (if
necessary).

At the beginning of each bidding trial for a given
probability period, you will first state your
conpetitive bid by witing it on the recording card.
Note that your initial incone returns to $10 for each
trial regardless of your winnings or losses in the
trial peri ods before.

After the recording card has been collected from each

participant, the experinenter will display the sum of
the collective bids. If the bids exceed the costs then
the experimenter will display the price of protection

(average bid) on the blackboard.
After the price is displayed each nenber votes on
whet her to purchase the protection. If each nenber

votes "yes", then everyone nust pay the displayed price
of protection, and is guaranteed a 100% chance of a $1

gain. No random draw is necessary, and no conpetitive

bid will be asked. W noved directly to the next
bidding trial.
However, if at |east one nmenber vetoes the purchase by

voting "no", or if total bids fail to exceed costs,
then no protection is purchased as a collective group.
No random draw will be nmade at this tine.

If no protection is provided as a collective, then a

conpetitive auction for protection will be run. You



Step 9:

Step 10:

are asked to state your conpetitive bid for protection
by witing it on a recording card. After the recording
card has been collected from each participant, the
experinenter will display the w nner (the highest

bi dder) and the price of protection on the blackboard.
The wi nner nust pay the displayed price of protection,
and is guaranteed a 100% chance of a $1 gain.

After five trial periods, a final hypothetical bid wll
be elicited for the probability period.

The process will repeat until all four probability
peri ods have been exam ned. Your take hone inconme will
consist of your initial incone plus or mnus your

gains, losses, and purchases of protection.

Are there any questions?



[CSISI]

I nstructions

Gener al

You are about to participate in an experinment about decision
maki ng under risk and uncertainty. The purpose of the experinment
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn noney. You
will be paid in cash at the end of the experinent. The

experinent is funded by the U S. Environnmental Protection Agency.

Specific Instructions
You will be asked to make several decisions. Each deci sion
will involve stating your maximum willingness to pay bid to

elimnate a potential risk. You are not to reveal your bid to

any other participant. Note that any communi cation between
bidders during a trial wll result in an autonmatic |oss of %$4.
Over the course of the experinment, you will be asked to bid

your maximum willingness to pay to prevent a loss of $4 for a
series of different probability periods (40% 20% 10% and 1%.

For exanple, given an initial starting inconme of $10, if there is

a 60% chance that you will gain $1, and a 40% chance that you
will lose $4, what is the maxi num you would be willing to pay to
fully insure against a 40% chance of |osing $4? . There

will be five bidding trials in each probability period. Each

bidding trial wll elicit two bids: one conpetitive bid and one



cooperative bid. Note that for each trial the starting incone
will always be $10. Your gains or |osses do not carry over to
the next trial or probability period.

Each participant wll alternate between collective and
conpetitive purchases of the right to insure hinlherself from a
certain probability of a $4 |oss. First, for the collective bid
if the entire group's collective bids equal or exceed the cost of
reducing the probability of a $4 to zero, then the group wll be
guaranteed full coverage of a $4 to zero, then the group will be
guaranteed full coverage against a chance of a $4 |oss. Each

bidder nust in all cases pay the average bid of the collective.

If the group's collective bids do not exceed the costs, then no
insurance is provided for the collective group.

Second, for the conpetitive bid, the participant with the
hi ghest willingness to pay bid wins the right of insurance and
will be guaranteed full coverage of a $4 | oss. The hi ghest

bidder nust in all cases pay the bid of the second highest

bi dder. No random draw will be made after the conpetitive
bi ddi ng. In the event there is a tie for the highest bid, those
participants will be asked to rebid. Then all participants are

then subject to a random draw to determine if a loss or gain
occurs.
The actual experiment will proceed as foll ows:
Step 1: At the beginning of the experinent you will state a
separate hypothetical bid for reducing each of the four
probabilities of a |oss.

Step 2: The experinmenter selects a probability period



Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Five bidding trials will be run for the selected
probability period. Each bidding trial wll elicit two
bids, a collective bid and a conpetitive bid (if
necessary).

At the beginning of each bidding trial for a given
probability period, you will first state your
conpetitive bid by witing it on the recording card.
Note that your initial incone returns to $10 for each
trial regardless of your winnings or losses in the
trial periods before.

After the recording card has been collected from each

participant, the experinenter will display the sum of
the collective bids. If the bids exceed the costs then
the experinmenter will display the price of protection

(average bid) on the bl ackboard.

After the price is displayed each nenber votes on

whet her to purchase the insurance. I f each nenber
votes "yes", then everyone nust pay the displayed price
of insurance, and is guaranteed full coverage. |If
insurance is purchased as a collective, we then skip
Steps 7 and 8 and go to Step 9. A random draw i s made
at this point, and no conpetitive bid will be asked

W nove directly to the next bidding trial

However, if at |east one nenber vetoes the purchase by
voting "no", or if total bids fail to exceed costs,
then no insurance is purchased as a collective group.

No random draw will be nade at this tine.



Step 8:

Step 9:

Step 10:
t 11:

If no insurance is provided as a collective, then a
conpetitive auction for insurance will be run. You are
asked to state your conpetitive bid for insurance by
witing it on a recording card. After the recording
card has been collected from each participant, the
experimenter will display the w nner (the highest

bi dder) and the price of insurance on the bl ackboard.
The w nner nust pay the displayed price of insurance,
and is guaranteed full coverage.

At this tinme everyone is subject to a random draw. The
experimenter will then draw one chip from the urn. A
white chip results in a $1 gain for everyone, a red
chip results in a $4 loss for everyone except for the
hi ghest bi dder of the conpetitive bid.

After five trial periods, a final hypothetical bid wll
be elicited for the probability period.

The process will repeat wuntil all four probability

peri ods have been exam ned. Your take hone incone wll
consist of your initial income plus or mnus your

gains, losses, and purchases of protection.

Are there any questions?



Appendi x C

Experinmental Instructions for Coasian Bargaining over
Ex Ante Lotteries and Ex Post Rewards

Sl MP: Sinple binary lottery experinent

COWP: Compound binary lottery experinent



EXPERI MENTAL | NSTRUCTI ONS
I nt roducti on

You are about to participate in an experinment in decision
maki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.

If you follow the instructions carefully you can earn a
consi derabl e anmount of noney. You will be paid in cash at the

end of the experinent.
CGeneral Instructions

You will be asked to make several choices over two sessions.
Each choice will involve selecting a nunber. Each nunber
represents a chance of earning a fixed nonetary reward ($10).
The chances of you earning the reward are given in the schedul e

‘“zen on the blackboard. For exanple, if 30 were next to

ar 2 on the schedule (for the colum pertaining to you), then

would have 30 out of 100 lottery tickets giving you a 30%

ce of earning the reward if nunber 2 were sel ected. The

dule lists the chance of you winning the reward as well as

chance of the other participant to wn.

Two of you will participate together on each decision.
ough we will have two sessions, you will nake only one
sion with any particul ar person. Each session will last ten

tes.



Agreenent Qutcone

You nmay arrive at two agreenents with the other participant:
(1) Which nunber to choose, and depending on the session,
(2) How to allocate the resulting nonetary reward,

or how to allocate the chances of w nning the reward.

If a joint agreenent is reached, both parties nust sign the

attached agreenment form stating both what the chosen nunber will
be and how the reward or chances to win are to be transferred

from one participant to the other. No physical threats are

al | oned. If a joint agreenent is made and the formis signed,
the nmonitor will termnate the session, determ ne which
participant, if any, wins by drawing a chip from an urn, and pay

each participant according to the ternms set forth in the

agr eenent .

D sagreenment Qutcones

If you cannot cone to an agreenent before the end of each

session both participants receive zero payoff for that session.

Controller

One of you will be designated the "controller"” at the outset
of each session. This will be decided using a dot gane
(explained below). The controller may, if he or she wi shes,

choose a nunber by hinself or herself and inform the nonitor, who
will stop the experinent and determ ne the outcone of the
session. The other participant may attenpt to influence the

controller to reach a mutually acceptable joint decision; the



other participant nay offer to give either part or all of his or
her potential earnings or chances of winning (lottery tickets) to

the controller depending on the session.

Dot Gane

The goal of the dot ganme is to force your opponent to renove
the last dot from the board.
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I'f you acconplish this, then you will be the controller of a
sessi on. If you renmove the last dot then the other individual is
the controller.

The game is as follows:

1. Individuals alternate selecting a dot to be removed from the
boar d. The individual who starts will be decided by a coin
t 0ss.

2. Once a dot is selected, the dot is renoved along with al

other dots located in a northeast direction. For exanple,
if X was the dot selected the shaded region (bel ow)
represents all the additional dots to be renoved.
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3. The gane continues until the last dot is renoved.
4, The individual who renoves the second to the last dot(s) has
earned the right to be the controller. The controller has

the final say over which nunber is selected



Exanpl e
The following exanple wll be used to illustrate the
decision in each session in which one participant is a
controller.

Assune A is the controller and that participants A and B
have the followi ng nunber of lottery tickets reflecting their
chances of winning the nonetary reward with nunbers 0, 1, 2:

Schedul e (Exanpl e)

Nunber A's Chance to Wn (% B's Chance to Wn (%
0 20 70
1 55 40
2 80 20
Session 1

In Session 1 you and the other participant may arrive at two

agr eenent s:
(1) Which nunber to choose, and
(2) How to allocate the resulting reward.

Referring to the exanple schedule, first A and B agree to
select a nunber. |If A and B agree to set the nunber at 0, then A
has 20 chances out of 100 (20%9 to win, B has 70 chances out of
100 (70% to win, and there are 10 chances out of 100 (10% that.
neither A nor B wll wn. If A and B agree to set the nunber at
2, then A has 80 chances out of 100 (80% to win, B has 20
chances out of 100 (20% to win, and there is 0O chance out of 100
(0% neither A nor Bwll win. Suppose A and B agree to set the
nunmber at 2.

Second, A and B then agree how to allocate the $10 reward.



Suppose A and B agree that if B wins the reward, B will transfer
$6 to A or if Awins, A wll transfer $4 to B, then regardl ess
if Aor Bwins A gets $ and B gets $4.

After both parties sign the agreement form (exanple bel ow
the nonitor will determine the winner by drawing a lottery ticket
(a chip) fromthe urn. Red chip--A wins, white chip--B wns,
blue chip--neither A nor B wins. The conposition of chips in the
urn will correspond to the lottery tickets listed for the nunber
sel ect ed. For exanple, since nunber 2 was selected the urn wll
contain 80 red chips, 20 white chips, and O blue chips. Say a
red chip was drawn inplying A wins, the nmonitor will then end the
session and pay A $6 and pay B $4.

An illustrative agreenent form is shown bel ow

Agreenent Form 1 (Exanpl e)
A and B agree to set the nunber at

A and B agree that if either A or B wins the reward then A wll

receive $ and B will receive $
Therefore, if A wins, A agrees to transfer $ to B,
or if Bwins, B agrees to transfer $ to A

Signed: A

B:

Session 2

In Session 2 you and the other participant nmay arrive at two
agr eenent s:
(1) Wich nunber to choose, and

(2) How to allocate the chances (lottery tickets) of w nning the



reward

Referring again to the exanple schedule, suppose A and B
agree to set the nunber at 2, and further agree that B wll
transfer 10 lottery tickets to A A now has 90 chances out of

100 (90%9 to win, B has 10 chances out of 100 (10% to win, and

there is 0 chance out of 100 (0% that neither A nor B will wn.
The monitor will determ ne the winner by drawing a chip from
the urn. The chips in the urn will correspond to the agreed on

distribution of lottery tickets. Since nunber 2 was selected and
A and B agreed that B would transfer 10 lottery tickets to A the
urn will contain 90 red chips, 10 white chips, and 0 blue chips.
Recall, if a red chip is drawmn--A wins; white chip--B wins; blue
chip--neither A nor Bwins. The winner of the draw will receive

the full reward ($10).

Agreement Form 2 (Exanple)
A and B agree to set the nunber at
A and B agree that lottery tickets will be transferred

from to

Si gned: A




Do you have any questions? Please answer the follow ng questions

to nmake sure that you understand the instructions.

Questions

(Refer to the payoffs marked EXAMPLE on the bl ackboard.)

1. Nunber gives nme the highest chance to wn.
Nunber gives ne the |owest chance to w n.
2. If the other participant is the controller and he picks
nunber 4, 1 have chances out of to win.
3. If I am the controller and | select nunber 3, there are
chances out of that neither party will wn.
4. Referring to Session 1, if | agree to earn $2 regardl ess of

who (A or B) wins and we agree on nunber 1: (a) | have

chances out of to earn the $2: (b) | have
chances out of not to earn $2.
5. Referring to Session 2, if we agree to select nunber 2 and I

agree to transfer 10 lottery tickets to the other

partici pant: (a) | have chances out of to
earn $10; (b) | have chances out of not to

earn $10.



[ COWP]
EXPERI MENTAL | NSTRUCTI ONS

| nt roducti on

You are about to participate in an experinent in decision
meki ng under risk and uncertainty. The purpose of the experinent
is to gain insight into certain features of econom c processes.
If you follow the instructions carefully you can earn a
consi derable amount of noney. You will be paid in cash at the

end of the experinent.
General Instructions

You will be asked to nmake several choices over two sessions.
Each choice will involve selecting a nunber. Each nunber
represents a chance of winning the first stage of a two-stage
lottery. The chances of you winning the first stage of the
lottery are given in the schedule witten on the Dbl ackboard. For
exanple, if 30 were next to nunber 2 on the schedule (for the
colum pertaining to you), then you would have 30 out of 100
|ottery tickets giving you a 30% chance of winning the first
stage if nunber 2 were selected. The schedule lists the chance
of you winning the first stage as well as the chance of the other
participant to wn.

The winner of the first stage then noves into the second
stage and has a chance of winning a nonetary reward. The anount
of the reward ($10 or $0) is determned at random There is an

equal chance (50% of earning $10 or earning $0.



Two of you will participate together on each decision. Al-
t hough we will have two sessions, you will nmake only one decision

with any particular person. Each session will last ten mnutes.
Agreenent Qutcone

In the first stage of the lottery you nay arrive at two
agreements with the other participant:
(1) Wich nunmber to choose, and depending on the session,
(2) How to allocate the resulting nonetary reward,

or how to allocate the chances of winning the first stage of

the lottery.
If a joint agreenment is reached, both parties nust sign the
attached agreenment form stating both what the chosen nunber wll
be and how the reward or chances to win are to be transferred

from one participant to the other. No physical threats are

al | oned. If a joint agreenent is made and the form is signed,
the nonitor will terminate the session. The nonitor wll
determ ne which participant, if any, wins the first stage by
drawing a chip from an urn. The anobunt of the nonetary reward
($10 or $0) will then be determined at random in the second stage
of the lottery. Each potential reward has an equal chance (50%
of being sel ected. The nonitor will pay each participant

according to the terns set forth in the agreenent.
D sagreenment Qut cones

If you cannot cone to an agreenent before the end of each

session both participants receive zero payoff for that session.



Controller

One of you will be designated the "controller"” at the outset
of each session. This will be decided using a dot gane
(explained below). The controller may, if he or she wi shes,
choose a nunber by hinself or herself and inform the nonitor, who
will stop the experinent and determ ne the outcone of the
session. The other participant nmay attenpt to influence the
controller to reach a nutually acceptable joint decision; the
other participant may offer to give either part or all of his or
her potential earnings or chances of winning the first stage
(lottery tickets) to the controller depending on the session.

Dot Game

The goal of the dot gane is to force your opponent to renove
the last dot from the board.

seos s
aeesse
AR
..'....
XXX EED

If you acconmplish this, then you will be the controller of a
session. If you renove the last dot then the other individual is
the controller.

The gane is as follows:

1. Individuals alternate selecting a dot to be renoved from the
boar d. The individual who starts will be decided by a coin
t 0gs.

2. Once a dot is selected, the dot is renoved along with all

other dots located in a northeast direction. For exanpl e,

if X was the dot selected the shaded regi on (bel ow)



represents all the additional dots to be renoved

3. The game continues until the last dot is renoved.
4, The individual who renmoves the second to the last dot(s) has
earned the right to be the controller. The controller has

the final say over which nunber is selected, and may sel ect

a nunber at any tine and inform the nonitor to end the

sessi on.

Exanpl e

The following exanple will be used to illustrate the
decision in each session in which one participant is a
controller.

Assunme A is the controller and that participants A and B
have the following nunber of lottery tickets reflecting their

chances of winning an uncertain nonetary reward with nunbers 0,

1, 2:
Schedul e (Exanpl e)
Nunber A's Chance to Wn (% B's Chance to Wn (%
0 20 70
1 55 40
2 80 20
Session 1

In Session 1 you and the other participant may arrive at two
agr eenent s:

(1) Wich nunber to choose, and



(2) How to allocate the resulting reward.

Referring to the exanple schedule, first A and B agree to
sel ect a nunber. If A and B agree to set the nunber at 0, then A
has 20 chances out of 100 (20% to win the first stage, B has 70
chances out of 100 (70% to win the first stage, and there are 10
chances out of 100 (10% that neither A nor B will win the first
st age. If A and B agree to set the nunber at 2, then A has 80
chances out of 100 (80% to win, B has 20 chances out of 100
(2099 to win, and there is 0 chance out of 100 (0% neither A nor
B wll win the first stage. Suppose A and B agree to set the
nunber at 2.

Second, A and B then agree how to allocate the uncertain
reward to be determined in the second stage of the lottery.

There is an equal chance (50% the reward will be $10 or $0. The

reward will be determined by a coin flip by the nonitor. Suppose
A and B agree that if B wins the reward, B will transfer 60% of
the reward to A, or if Awins, Awll transfer 40% of the reward

to B, then regardless if A or B wins A gets 60% and B gets 40% of
the realized reward.

After both parties sign the agreenent form (exanple bel ow)
the nonitor will determne the winner of the first stage by
drawing a lottery ticket (a chip) from the urn. Red chip--A
wins, white chip--B wins, blue chip--neither A nor B wins. The
conposition of chips in the urn will correspond to the lottery
tickets listed for the nunber selected. For exanple, since
nunber 2 was selected the urn will contain 80 red chips, 20 white

chips, and O blue chips. Say a red chip was drawn inplying A



wins. The reward will then be randomy determ ned by the nonitor
in the second stage of the lottery. Suppose the realized reward
was $10. The nonitor will then end the session and pay A 60%
($6) and pay B 40% ($4) of the realized reward.
An illustrative agreenent form is shown bel ow
Agreenent Form 1 (Exanpl e)
A and B agree to set the nunber at .

A and B agree that if either A or B wins the reward then A wl

receive . . . % and B will receive % .of the reward.
Therefore, if A wins, A agrees to transfer % of the reward
to B, -
or if B wins, B agrees to transfer ___.:" % of the reward
to A. h -

Signed: A:

Session 2

In Session 2 you and the other participant nmay arrive at two
agr eenent s:

(1) Wich nunber to choose, and

(2) How to allocate the chances (lottery tickets) of wnning the
first stage of the lottery.

Referring again to the exanple schedule, suppose A and B
agree to set the nunber at 2, and further agree that B will
transfer 10 lottery tickets to A A now has 90 chances out of

100 (90% to win the first stage, B has 10 chances out of 100

(10%9 to win the first stage, and there is 0 chance out of 100



(0% that neither A nor B will win the first stage.

The nmonitor wi 1l determne the winner of the first stage by
drawing a chip fromthe urn. The chips in the urn wl
correspond to the agreed on distribution of lottery tickets
Since nunber 2 was selected and A and B agreed that B would
transfer 10 lottery tickets to A the urn will contain 90 red
chips, 10 white chips, and O blue chips. Recall, if a red chip
is drawn--A wins; white chip--B wins; blue chip--neither A nor B
Wi ns. The winner of the draw will receive the full reward
either $10 or $0 which will be determned by a coin flip in the

second stage of the lottery.

Agreenent Form 2 (Exanple)

A and B agree to set the number at .
A and B agree that . lottery tickets will be transferred
from to .

Signed: A:

B:




Do you have any questions? Please answer the follow ng questions

to nmake sure that you understand the instructions.

Questi ons

(Refer to the payoffs marked EXAMPLE on the bl ackboard.)
Nunber gives nme the highest chance to wn the first
stage of the lottery.
Nunmber gives ne the |lowest chance to win the first
st age.
If the other participant is the controller and he picks
nunber 4, | have chances out of to win the
first stage.
If I amthe controller and | select nunber 3, there are

chances out of that neither party will wn
the first stage.

G ven the winner of the first stage has been determ ned,

there is a % chance that the realized reward will be
$0. There is a % chance that the realized reward wll
be $10.

Referring to Session 1, if | agree to earn 20% of the

realized reward ($10 or $0) regardless of who (A or B) wns

and we agree on nunber 1: (a) | have chances out of
to earn the 20% of the realized reward: (b) | have
chances out of not to earn 20% of the realized
rewar d.

Referring to Session 2, if we agree to select nunber 2 and |

agree to transfer 10 lottery tickets to the other



partici pant:
win the first

chances out of

(a) | have

stage of

chances out of

the lottery; (b) | have

not

to earn win the first

st age.

to



